A theoretical study of rotational collision of LiH(X 1 Σ + ,v = 0, J) with Ar has been carried out. The ab initio potential energy surface (PES) describing the interaction between the Ar atom and the rotating LiH molecule has been calculated very accurately and already discussed in our previous work [Computational and Theoretical Chemistry 993 (2012) 20-25]. This PES is employed to evaluate the de-excitation cross sections. The ab initio PES for the LiH (X 1 Σ + )-Ar( 1 S) Van der waals system is calculated at the coupled-cluster [CCSD(T)] approximation for a LiH length fixed to an experimental value of 3.0139 bohrs. The basis set superposition error (BSSE) is corrected and the bond functions are placed at mid-distance between the center of mass of LiH and the Ar atom. The cross sections are then derived in the close coupling (CC) approach and rate coefficients are inferred by averaging these cross sections over a Maxwell-Boltzmann distribution of kinetic energies. The 11 first rotational levels of rate coefficients are evaluated for temperatures ranging from 10 to 300 K. We notice that the de-excitation rate coefficients appear large in the order 10 −10 cm −3 s −1 and show very low temperature dependence. The rate coefficients magnify significantly the propensity toward Δ J = −1 transitions. These results confirm the same propensity already noted for the cross sections.
Introduction
The analysis of atom diatom scattering of molecular collisions shows a field of current interest (Santiago et al. 2008; Aguillon et al. 2000) . The rotational collisions between diatomic molecules and atomic partners give rise to complex energy transfer processes which provide one of the most rigorous tests of high-level ab initio potential energy surfaces (Paterson et al. 2011; Dagdigian et al. 1995 Dagdigian et al. , 1997 Eyles et al. 2011) . The LiH molecule has much interest in atmospherical models (Dalgarno et al. 1996; Gianturco et al. 1999) thanks to its importance in chemistry of the lithium. These calculations of rate coefficients are stimulated by the studies of Ren et al. (2006) which have shown that the high-purity Ar atmosphere at room temperature contribute significantly to the stability of LiH in environment.
The collision dynamics of LiH(X 1 Σ + ) with rare gas (Rg) has received particular attentions. Theoretically, the electronic structure methods, semi-empirical as well as ab initio, have been employed to calculate intermolecular potential energy surfaces to study the LiH in excited rotational levels by collision with the atoms H (Berriche and Tlili 2004; Berriche 2004) , He (Gianturco et al. 1997a (Gianturco et al. , 1997b Bodo et al. 1998; Forni 1999) and Ne (Lu et al. 2000; Feng et al. 2004; Feng et al. 2005) . These studies have shown the weakly van der Waals forces interacting molecular systems of LiH in its ground electronic state with Rg atoms. The competition between the charge transfer processes and the chemical binding have done that the interactions of van der Waals systems represent a critical test for the potential energy surfaces (PESs).
In our previous work for the LiH-Ar system, we have reported the first quantum mechanical close coupling calculations of integral cross sections for transitions between the lower rotational levels of LiH induced by collision with Ar based on the ab initio potential energy surface. We have used in all the calculations the ab initio coupled-cluster [CCSD(T)] level of theory and with aug-cc-pVQZ Gaussian basis set for the H and Ar atoms and cc-pVQZ Gaussian basis set for the Li atom.
Interaction potential energy surface
We have computed the interaction PES for the LiH (X 1 Σ + )-Ar( 1 S) Van der Waals system using the rigidrotor approximation and the Jacobi coordinate system in which r e is the LiH internuclear distance, R the distance from the center of mass (c.m) of LiH to Ar atom, and θ the angle between the two distance vectors. The collinear LiH…Ar geometry corresponds to θ = 0°while the LiH bond length is frozen at the experimental equilibrium geometry of the ground state r e = 3.0139 bohr (Huber & Herzberg 1979) . Treating all geometries in the CS symmetry group, the PES has been computed with the CCSD(T) method (Knowles et al. 1993; as implemented in the MOLPRO2002 package (Werner et al. 2009 ). The H and Ar atoms have been described by the standard aug-cc-pVQZ basis set (Hutson & Green 1994; Smith et al. 1979; Lique et al. 2007 ). The Li atom has been described with cc-pVQZ basis set which we have added (1s1p1d1f1g) functions (Dunning 1989; Kendall et al. 1992; Dunning 1994, 1995) . To this basis, we have added a set of (3s3p2d2f1g) bond functions defined by Cybulski and Toczylowski (1999) and placed at mid-distance between the center of mass of LiH and Ar atom. The basis set superposition error (BSSE) has been corrected at all geometries with the counterpoise procedure of Boys and Bernadi (1970) . The PES obtained has a global minimum of 525.13 cm −1 located at R = 5.30 bohr and θ = 180°. The anisotropy of the PES is very large because of the character stems from the electronic structure of the LiH.
The basic input required by the MOLSCAT (Hutson & Green 1994) package used in dynamics calculations, were obtained by expanding the interaction potential in terms of Legendre polynomials as:
From ab initio grid containing 19 values of θ, we have been able to include terms up to λ max = 18 The standard deviation between the analytical form and the calculated surface remains below 1.0%.
Results and Discussion

Rotational cross sections
Using the propagator of Manolopoulos (1986) as implemented in the MOLSCAT quantum mechanical code (Hutson and Green 1994), the scattering cross sections have been calculated with the close coupling approach developed by Arthurs and Dalgarno (1960) for a total energy ranging from 15 to 2500 cm −1 . The energy steps are 0.1 cm −1 below 100 cm −1 , 0.5 cm −1 from 100 to 500 cm −1 , 1 cm −1 from 500 cm −1 to 1000 cm −1 , 10 cm −1 from 1000 cm −1 to 1500 cm −1 and 500 cm −1 from 1500 cm −1 to 2500 cm −1 . For the rotational basis sets, we have used J max = 10 for E ≤ 100 cm −1 , J max = 15 for 100 < E ≤ 1000 cm −1 and J max = 30 for E ≥ 1000 cm −1 . The scattering calculations have been performed to rotational basis sets of adequate size for a good accuracy of the results. The other parameters required as input in MOLSCAT and displayed in Table 1 have been fixed after the convergence tests. However, the maximum values of the total angular momentum JTOT was chosen according to a convergence criterion of the cross sections to within 0.01 Å for diagonal terms and 0.001 Å for off-diagonal ones. For example, we have JTOT = 97, 179, 229 and 317 for the collision energies of 100 cm −1 , 500 cm −1 , 1000 cm −1 and 2500 cm −1 respectively. These resonances are the shape resonances due to the quasi-bound states arising from the trap of Ar atom into the well depth (Smith et al. 1979; Christoffel and Bowman 1983) tunneling through the centrifugal energy barrier. These facts have been discussed by Vincent et al. (2007) . The de-excitation cross sections decrease with increasing ΔJ as a function of the kinetic energy. An analysis of this figure shows clearly that the magnitude of the transition 2 → 1 is larger than the others included the transition 1 → 0 in our previous work (Niane et al. 2012) . The plots of de-excitation cross sections decrease with increasing ΔJ and have almost the similar behavior. The Figure 1 illustrates the propensity in favor of the transitions ΔJ = J' -J = − 1. This is consistent with similar results by Hammami et al. (2009) . The features in our recent excitation cross sections (Niane et al. 2012) for the transitions 1 → J allow understanding the detailed balance equation that relate excitation and de-excitation cross sections.
Downward rate coefficients
The downward rate coefficients are calculated by averaging from rotational cross sections σ J→J' (E k ) over a MaxwellBoltzmann distribution of kinetic energies E k following the procedure used in previous works (Hammami et al. 2008a (Hammami et al. , 2008b Nkem et al. 2009 ).
where T is the kinetic temperature, μ = 6.68193048 a.u. is the reduced mass of the LiH-Ar collision partners, β ¼ 1 k B T (k B is the Boltzmann constant) and E k = E -E j is the relative kinetic energy. The Table 2 displays the results at selected temperatures.
To better analyse the rates variation with temperature are shown in Figure 2 .
We notice that the downward rate coefficients depend on low temperature. This effect of temperature dependence has been seen by Taylor and Hinde (2005) at little temperature, they explain that the lack of dependence is indicated of downward mechanism in which attractive collisions dominate the energy transfer process for ionmolecule processes. The LiH-Ar system is very attracted when the Ar atom is near the lithium end of LiH. The Figure 2 shows the propensity toward ΔJ = − 1 transitions. This result confirms the same propensity observed with the cross sections and remains an important consequence of atmospherical chemistry.
We report in Figures 3 and 4 the downward rate coefficients as a function of J for selected ΔJ = −1, −2 and J → 1 transitions respectively. Except the ΔJ = −1 transition at 10 K, the plots of rate coefficients exhibit the same trends and decrease with increasing J' from J' = 2. For J → 1, the downward rate coefficients decrease with increasing J and the gap between the plots narrow considerably. In addition, the collision rate coefficients reflect the similar behavior with the general trends observed earlier for HCP-He (Hammami et al. 2008b) and HCP-H 2 (Hammami et al. 2008c ) systems. 
Conclusion
In this work, using the ab initio PES LiH(X 1 Σ + )-Ar( 1 S) van der Waals system computed in our previous work (Niane et al. 2012) , we have obtained results of a quantum mechanical close coupling calculation of integral cross sections for lower rotational levels. By averaging the cross sections over a Maxwell-Boltzmann distribution of kinetic energies, we have inferred the downward rate coefficient for the lowest 11 levels.
The downward rate coefficients at 300 K for the transitions 1 → 0, 2 → 1 and 3 → 2 are estimated respectively at 2.5664 10 −10 , 2.7792 10 −10 and 2.5272 10 −10 cm 3 s −1 . It is obvious that these results may be useful for the atmospherical chemistry as well as for experiments. Finally, encouraged by this result, we will be undertaking the study of the spectroscopy of complex and the vibrational dependence of potential energy surface which is crucial for the diatomic molecular.
